Background: Emergency departments (ED) are sites of prevalent imaging overuse; however, determinants that drive imaging in this setting are not well-characterized. We systematically reviewed the literature to summarize the determinants of imaging overuse in the ED. Methods: We searched MEDLINE® and Embase® from January 1998 to March 2017. Studies were included if they were written in English, contained original data, pertained to a U.S. population, and identified a determinant associated with overuse of imaging in the ED. Results: Twenty relevant studies were included. Fourteen evaluated computerized tomography (CT) scanning in patents presenting to a regional ED who were then transferred to a level 1 trauma center; incomplete transfer of data and poor image quality were the most frequently described reasons for repeat scanning. Unnecessary pretransfer scanning or repeated scanning after transfer, in multiple studies, was highest among older patients, those with higher Injury Severity Scores (ISS) and those being transferred further. Six studies explored determinants of overused imaging in the ED in varied conditions, with overuse greater in older patients and those having more comorbid diseases. Defensive imaging reportedly influenced physician behavior. Less integration of services across the health system also predisposed to overuse of imaging. Conclusions: The literature is heterogeneous with surprisingly few studies of determinants of imaging in minor head injury or of spine imaging. Older patient age and higher ISS were the most consistently associated with ED imaging overuse. This review highlights the need for precise definitions of overuse of imaging in the ED.
While there is growing appreciation that overuse of services is prevalent in our healthcare system including in the ED, the determinants of overuse are poorly characterized [9] . In this systematic review, we focus specifically on summarizing determinants of imaging overuse in the ED. We aimed to systematically synthesize the primary literature describing factors that are positively or negatively associated with overuse of imaging in this setting.
Methods
For this review, overuse was operationally defined in accordance with the definition used by the Agency for Healthcare Research and Quality as "the provision of health care services where the likelihood of harm exceeds the likelihood of benefit." [10] Because the term overuse was seldom employed by the original study authors, we needed to deduce whether imaging overuse was being described. We determined by consensus that studies describing duplicate imaging, imaging in contradiction to established guidelines, and imaging that was determined by the authors of the included studies to be unnecessary or inappropriate with valid justification (see Table 1 ) were relevant to this review.
Data sources and searches
We began with a scoping review by searching MEDLINE® and Embase® from January 1998 through July 2016. Our initial search broadly included terms reflecting use and overuse of healthcare services, including procedures and diagnostic tests. We searched using the medical subject heading terms and keywords related to the overuse of healthcare services: "medical overuse" OR "health services misuse" OR health services overutilization OR "unnecessary procedures" OR medically unnecessary procedures OR Diagnostic Tests, Routine/utilization OR Defensive Medicine OR Practice Patterns OR Health Services Abuse OR Health Services Overuse OR medical overutilization OR inappropriate utilization. We followed with a targeted search through March 1, 2017 with specific terms for articles addressing overuse of imaging in the ED: "diagnostic imaging" OR radiography OR tomography OR scanning OR scans OR scan OR imaging OR "magnetic resonance" OR "diagnostic testing" OR "diagnostic evaluation." We hand searched the reference lists of each included article as well as related systematic reviews for additional articles. Searches were limited to human studies in the English language. Our protocol followed PRISMA guidelines and was registered in Prospero (#CRD42015029482) as part of a broader review examining overuse of several types of healthcare services.
Study selection
Two reviewers independently screened titles, abstracts, and full-text for inclusion. Differences between reviewers were resolved through consensus adjudication. Studies were included if they were written in English, contained original data, pertained to a U.S. population, and identified a determinant associated with overuse of imaging in this setting. Studies describing only the prevalence of overuse, and not its determinants, were excluded. We further restricted the study to data collected after 1996, given the substantial changes in the U.S. healthcare system in the past two decades regarding availability of imaging technologies. We had no restrictions regarding study design.
Data extraction, quality, and applicability assessment
Using standardized forms, reviewers extracted information on the general study characteristics, study participant characteristics, the methods of data collection, the overuse event under investigation, the determinants evaluated by the investigators and the determinants identified as being significantly associated with the overuse event. The determinants were classified as being related to the patient, the clinician, or the environment including the region and health system. A second reviewer confirmed the accuracy of the abstracted data. We used the criteria for determining statistical significance as had been defined by each article. For studies that analyzed significance with both bivariate and multivariate methods, we extracted only the significant results from the multivariate analyses.
Two reviewers independently assessed the risk of bias in included articles using previously validated instruments. The Critical Appraisal Checklist (from the Center for Evidence Based Management) was used for cohort studies and surveys [11] . The single qualitative study was assessed using the Checklist for Qualitative Research from the Joanna Briggs Institute [12] .
Data synthesis and analysis
We created detailed evidence tables. We synthesized the results by the type of imaging and then by the determinants, organized as patientlevel, clinician-level, and organizational or environmental. We created summary tables of these results. The results were not amenable to quantitative pooling given the heterogeneity in design across studies.
Role of the funding source
The funders had no role in this project.
Results
We identified 10,859 titles meeting our inclusion criteria. Of these, 484 articles proceeded to full-text review (Appendix Fig. 1 ). We identified 20 studies meeting our inclusion criteria that examined determinants of overuse of imaging in EDs.
Characteristics of included studies
The included studies were five retrospective cohort studies [13] [14] [15] [16] [17] , two cross-sectional studies [18, 19] , six surveys [20] [21] [22] [23] [24] [25] , four prospective cohort studies [26] [27] [28] [29] , two studies having both retrospective and prospective cohort components [30, 31] , and one qualitative study [32] .
Determinants were evaluated for their independent contribution to overuse with multivariate regression methods in seven of the studies [15] [16] [17] [27] [28] [29] [30] . Five studies reported only bivariate analyses [13, 14, 18, 25, 26] , and seven were entirely descriptive in their presentation of results [19] [20] [21] [22] [23] [24] 31] .
Because the majority of identified studies focused on duplicate imaging in transferred trauma patients, we present the results as: 1) determinants of duplicate imaging in patients with trauma transferred to a trauma center, and 2) determinants of unnecessary, inappropriate or defensive imaging in the ED among diverse patients who were not transferred.
Risk of bias
This body of literature was not of high quality. The risk of bias was determined to be moderate in 13 studies [13] [14] [15] [16] 18, 20, 21, [23] [24] [25] 27, 28, 30] and high in four studies [19, 22, 26, 31] . Only two studies [17, 29] were considered to have a low risk of bias. Prominent flaws included the lack of reporting of response rates in surveys and the lack of use of validated tools for data collection. Most of the studies did not clearly describe the characteristics of the study participants at enrollment. The quality of the single qualitative study was good [32] .
Determinants of duplicated scans in transferred patients with trauma
Twelve studies described scans duplicated in patients arriving at a level 1 trauma center after transfer [13] [14] [15] [16] 19, [22] [23] [24] 26, 28, 29, 31] . Two studies described acquisition of scans at the referring facility prior to emergent transfer [17, 25] .
Eight out of 12 studies of duplicate scans upon arrival probed the reasons for ordering the duplicated scan; this was learned either by survey [22] , by medical record review [13, 19, 26, 29, 31] or by medical record review with adjunctive physician report [23, 24] (Table 2) . Two reasons were noted in all eight studies: 1) the scan was not received by the trauma center or there was inadequate transfer of data; and 2) the quality of the transferred image was inadequate for clinical care [13, 19, [22] [23] [24] 26, 29, 31] . Other reasons for duplication of imaging included physician preference for repeat imaging [24, 26, 31] , the belief that repeating a scan in a transferred patient was routine care [19] , and a consultant's request or convenience [29] .
Patient factors
Six of the 12 studies of duplicate imaging upon arrival analyzed patient factors associated with receipt of a repeated scan [13] [14] [15] [16] 28, 29] . One of the two studies of inappropriate imaging prior to transfer also examined patient factors [17] . All seven of these were cohort studies.
Six studies tested the association with age, with half finding significant associations: two reported that imaging was more likely to be performed on middle age or older patients, with the mean ages of 42.3 years [16] and over 65 years [17] . One reported higher rates of repeat imaging in the youngest children (mean age 6.3 years) [14] . Four studies tested whether repeat imaging depended on the patient's sex [14, 16, 17, 29] . Three did not find significant associations; the one that did reported that inappropriate imaging prior to transfer was more likely to occur in women than men [17] . Race was only analyzed in a single study and was not influential [16] .
Six studies tested associations with Injury Severity Score (ISS) with all finding that imaging was associated with higher ISS scores [14] [15] [16] [17] 28, 29] . One cohort study looked at medically stable versus unstable transferred patients with spine injuries [13] . Medically unstable patients were less likely to have their imaging sent and viewable to the receiving institution, and yet were not significantly more likely to have repeat imaging. The cohort study by Mohan et al. also reported that medically unstable patients were less likely to receive imaging prior to transfer than their stable counterparts [17] . Mechanism of injury was a significant determinant of repeat imaging in two [14, 17] of the six studies that evaluated this [14] [15] [16] [17] 28, 29] .
Insurance status was a significant factor in just one [17] of three studies [15, 17, 29] . In multivariate analysis of 7713 adults presenting to a non-trauma center with indications for immediate transfer to a trauma center, patients with Medicare received more duplicate CT scans while uninsured patients had fewer duplicate CT scans, when compared to patients with commercial insurance [17] . Emick et al. did not find a significant association between repeated scanning in 1375 trauma patients who had received a scan prior to transfer and their insurance status [15] . Jones et al. also did not see a significant association between insurance and repeated CT scans in a multivariate analysis involving 211 patients [29] .
Physician factors
The only physician-level factor, Advanced Trauma Life Support certification, was examined in a cohort study [17] and a physician survey [25] . Both studies found that physicians with Advanced Trauma Life Support certification were neither more nor less likely to order imaging than physicians without [17, 25] .
Environmental and systemic factors
Five cohort studies analyzed the environmental or system level factors contributing to repeat imaging [13] [14] [15] 17, 26] . Two studies analyzed the impact of distance from the receiving trauma center; a greater distance was associated with CT scanning upon arrival [14] and with scanning prior to transfer [17] . The latter study also evaluated the impact of the volume of trauma patients at the referring institution and found this was not significantly associated with scanning prior to transfer [17] .
The cohort study by Emick et al. found that transport by helicopter was associated with greater likelihood of scanning upon arrival compared to transport by ground, after thorough adjustment for variables characterizing the patient and the facilities [15] .
Liepert et al. compared rates of repeated CT scanning after transfer in an integrated health system (where the referring hospital and trauma hospital are part of the same system with fully integrated medical records and radiology picture archiving) versus a more conventional health system [26] . The integrated health system had a significantly lower proportion of repeat imaging. In another study, transferred patients with spine injury were significantly more likely to have a CT upon arrival if the original CT scan was not viewable at the receiving institution [13] .
Determinants of unnecessary, inappropriate or defensive imaging in non-transferred patients in the emergency department
Six studies evaluated determinants of overused imaging in the ED with overuse defined as unnecessary, inappropriate or defensive imaging [18, 20, 21, 27, 30, 32] .
Patient factors
One cross-sectional study [18] , two cohort studies [27, 30] , and one qualitative study [32] evaluated patient factors contributing to unnecessary or inappropriate imaging in the ED ( Table 3) .
The cross-sectional study, of patients with mild head injury, reported only unadjusted results, finding that middle aged patients (41-64 years) were more likely to receive unnecessary head CT compared to younger (18-40 years) and older (65+ years) patients [18] . Additionally, receipt of unnecessary head CT was associated with patient's illicit drug use, vehicular injury as compared to fall or assault or other injury mechanism, and an ISS N26 compared to ISS between 15 and 25. Neither patients' sex nor alcohol use was significantly associated with head CT overuse.
In a multivariate analysis of patients presenting to the ED with complicated gallstone disease, wherein authors considered ultrasonography to be the appropriate diagnostic test, older age predicted inappropriate use of abdominal CT [30] . Other significant associations in the multivariate model were the presence of hypertension, elevated white blood count, and abnormal amylase on laboratory analyses [30] . Patient sex, race, previous ED visit, and other laboratory values and comorbidities were not significant predictors of receipt of abdominal CT [30] .
A prospective cohort study reported that non-English speaking patients experienced a higher rate of abdominal CT for abdominal pain than did English language speakers. This relationship was not found for other diagnostic imaging tests, specifically abdominal radiographs (plain film) for abdominal pain, chest radiographs or echocardiography for chest pain [27] .
A qualitative study by Melnick et al. used patient and physician focus groups, cognitive task analysis after direct observation in the ED, and interviews with four senior physicians to identify themes related to inappropriate receipt of CT for a minor head injury. Patient-level themes that were identified included patients' expectations of receiving of CT, patients' lack of tolerance for ambiguity (as perceived by the physician), and patients' balance of short and long term risks [32] .
Clinician factors
One cohort study [30] , one cross sectional [21] and one qualitative study [32] evaluated clinician factors associated with unnecessary or inappropriate imaging in the ED (Table 3) . The cohort study, described above, of patients with complicated gallstone disease, found that the time of placement of the order for imaging by clinicians was the single largest predictor of inappropriate CT use, with inappropriate CT orders much more likely in the evening than daytime; weekend or weekday ordering of imaging did not predict inappropriate CT use [30] . Similarly, the admitting service to which the patient was directed did not drive CT use in this situation.
In the cross-sectional survey of ED providers' perceptions of inappropriate imaging in their department, most respondents reported that they believed the main contributor to overuse was fear of missing a low-probability diagnosis and avoidance of malpractice issues [21] . The less strongly endorsed responses were: perception of patient or family expectations, imaging as standard practice in their medical groups or among their closest colleagues, imaging as standard practice in emergency medicine, that the test saves time, administrative pressures to increase group reimbursement, and increased personal reimbursement. Respondents who chose to write in a reason for overuse mentioned that imaging was often done at the request of a non-ED physician [21] .
Multiple clinician-level themes emerged from the qualitative study by Melnick et al. on inappropriate head CT for minor head injury [32] . The most frequently reported themes were about establishing trust as a way to minimize inappropriate head CT use: this included attending to patient engagement, providing reassurance, caring for the patient as a person, identifying and addressing patient concerns, identifying and managing patient anxiety and tolerance for uncertainty. Other factors included clinicians' confidence and experience, their anxiety and their tendencies toward risk aversion.
Systemic and environmental factors
The cohort study of gallstone evaluation [30] and two surveys [20, 21] evaluated health system or environmental factors contributing to unnecessary or inappropriate imaging in the ED. The cohort study, by Benarroch-Gampel, noted the absence of a trend in inappropriate CT use from 2005 to 2009 in evaluation of acute cholecystitis [30] . Kanzaria et al. reported from their survey of ED providers that more respondents outside of California endorsed ordering medically unnecessary CTs or magnetic resonance images (MRIs) than respondents in California and more in non-group-based HMOs than in group-based HMOs [21] . When attending trauma surgeons were surveyed about whether they would practice similarly to their current practice in a litigation-free environment, they responded that the litigious environment in which they practiced was a major driver of their imaging orders [20] .
Discussion
In this systematic review, we synthesized the primary literature describing determinants that are positively or negatively associated with overuse of imaging in the ED. Fourteen (70%) of the included studies addressed overuse of CT scans in trauma patients presenting to a local ED with subsequent transfer to a level 1 trauma center. The authors of the primary studies considered this practice to be overuse because it generates little new information, harms patients with radiation or discomfort, delays treatment and increases the costs of care. Determinants associated with receipt of a duplicate scan include those representing clinical instability-patients at the extremes of age and/or more severely injured (Table 4) . One might argue that these are not all episodes of overuse in these clinically unstable patients; but, for this review, we used the definition of overuse provided in each of the included articles.
Other findings suggest that there may be systematic biases regarding who gets more imaging, such as determined by insurance status. Others identified determinants included environmental factors like distance between hospitals and whether the referring and receiving 
ATLS certification
Greater distance from hospital (more overuse), volume of trauma patients ATLS = Advanced Trauma Life Support, CT = computed tomography scan, GCS = Glasgow Coma Score, ISS = Injury Severity Score, MRI = magnetic resonance imaging, NE = not examined, PGY = postgraduate year, SBP = systolic blood pressure. ⁎ Statistically significant determinants of overuse are in bold, the direction of effect is in parentheses.
hospitals were part of an integrated system where there is more seamless transfer of records and imaging files.
The remaining six studies were more varied in the types of imaging that were studied. Indeed, while three studies used guideline-determined definitions of non-indicated CT scans for mild head injuries and acute gallbladder disease, the remaining three used vaguer definitions like physicians' self-perception about unnecessary imaging or testing. Like in the repeated testing studies, overuse was greater in patients who were older or who had more comorbid disease.
Other determinants, like time of day, suggest that overuse is related to staffing deficiencies (such as lack of ultrasonography technicians at night) or crowding of the ED, but this was not explicitly examined. This is supported by the qualitative study, which suggested that overuse of head CT would be reduced by engaging patients and managing patient expectations and anxiety-practices that necessitate greater time at the bedside. Defensive medicine as a driver of overuse, including imaging, has been previously described and was noted by physicians as influencing their behavior. Finally, as with the repeated CT scan studies, less health system-level integration also predisposed to imaging overuse in the ED (Table 5) .
To our knowledge, there are no other systematic reviews on this topic. There are many studies that describe variation in use of imaging without probing the determinants of this variation and without exploring whether the variation represents overuse or underuse. Levine and colleagues studied ED physicians at a single level 1 trauma center and found rates of ordering of imaging varied across physicians three-fold [33] . Marin and colleagues, using the Nationwide Emergency Department Sample, found 40% variation in CT use for children with head trauma across EDs, with differences between academic and non-academic medical centers [34] . Patient race and insurance type influence the diagnostic workup received by patients in the ED, but it is unclear, again, whether this represents underuse or overuse of services [35, 36] . Other studies have also demonstrated more intensive health service utilization, besides imaging, in the ED for patients who speak languages other than English, possibly in an effort to overcome diagnostic challenges posed by communication difficulties [37, 38] . CT = computed tomography scan, ED = emergency department, ISS = Injury Severity Score, PCP = primary care physician. ⁎ Statistically significant determinants of overuse are in bold; direction of effect is in parentheses.
Limitations and strengths
Our review has several limitations. First, a limitation is the varying definitions of overuse across the studies. Second, some may argue that repeating scans in transferred patients is frequently appropriate (and not overuse) due to a clinical status change and this may not have been easily captured in the studies that used administrative data. Third, the studies examining utilization in the ED (non-transferred patients) used a variety of definitions and yet many of the determinants were consistent across studies. Fourth, our search strategy focused on terms related to "overuse" and may have missed articles focused on guideline-discordant care, although additional hand searching did not identify other relevant articles. Fifth, we did not search for gray literature so publication bias is a possibility; that is, analyses of wasteful services may be conducted within health systems and not published, such as when there are null findings or findings that reflect poorly on the health system. However, we expect that our exclusion of unpublished literature would not importantly change our conclusions given that our synthesis was entirely qualitative and missing a single study would not change point estimates and confidence intervals as it might in a quantitative synthesis of study results.
We note that the quality of the included studies was only fair; only two of the included studies were deemed to have a low risk of bias. Additionally, the response rates in the surveys were often not reported and might be presumed to have been low. It is hard to know in which direction this biased the results. We recognize that many of the studies described factors associated with overuse that may not in fact be causal determinants; the methods used in the primary studies methods do not permit definitive comments about causality.
Study strengths include our use of a second reviewer, which minimizes the likelihood of incorrect extraction of data about determinants. Additionally, our inclusion of surveys in the review allowed for the association between determinants and perceptions of determinants of overuse to be included.
Future research
As high resolution radiologic imaging becomes more widespread in hospitals, there will be an even greater need for understanding its value to patients. The ABIM, Academy Health, the Robert Wood Johnson Foundation and the Agency for Healthcare Research and Quality have all recognized the harmful impact of overuse on patient health and health systems. A research agenda set forth by Morgan et al., emphasized gaps in our understanding of determinants, including their relative importance, interaction and the potential value of changing any one determinant in isolation [39] . These authors wonder in particular about the role of communication, clinical uncertainty and cognitive biases as contributors to overuse. Additional research is needed that explores a wider breadth of determinants and their modifiers, preferably using a consistent definition of overuse. Studies that can quantify the impact of determinants on overuse will further enable evidence-based policies to be implemented and evaluated.
Several of the common determinants of repeated imaging-scans not sent with the patient, incomplete transfer of data, poor quality of scans, lack of health system integration-can be improved with standardization of protocols and improved technological interoperability between referring and receiving sites. As health information exchanges (HIE) gain functionality [40, 41] , there should be more opportunity to avoid duplication of scans ordered because of incomplete transfer of data.
Targeting physician ordering behaviors has been a core strategy in multiple interventions designed to reduce inappropriate imaging in hospitals. Decision support systems often use existing infrastructure of the electronic Main contributor was fear of missing a low-probability diagnosis and avoidance of potential malpractice suits. Frequent "write-in comment" was request of non-ED physician to perform testing was associated in 1 study. Clinician-level themes 1/1 Establishing trust/bedside manner was associated in 1 study. System and environmental (3 studies) Practice location, practice type, reimbursement method 1/1 Self-ordering of medically unnecessary CT/MRIs in non-California states than in California and in non-group based HMOs than in group-based HMO were associated in 1 study. Litigious environment 1/1 Current litigious environment was perceived to be a major driver of imaging orders in 1 study.
CT = computed tomography scan, ED = emergency department, ISS = Injury Severity Score, PCP = primary care physician. medical record; ordering physicians may receive a "low-value" message if they order a test that may be considered inappropriate based on the patient's characteristics [42] . Multifaceted approaches are likely to be more impactful than reliance on messaging alone; the literature strongly supports "alert-fatigue" that lessens the impact of many messaging systems [43, 44] . Promisingly, overuse of imaging in the ED has been addressed by several societies contributing recommendations to the Choosing Wisely Initiative. This national campaign, initiated by the ABIM Foundation and supported by the American College of Physicians, promotes conversations between clinicians and patients to help them choose care that is "supported by evidence, not duplicative of other tests or procedures already received, free from harm and truly necessary" [45] . The ACEP cautions to avoid CT scans of the head in patients with minor head injury not meeting criteria for imaging by validated decision rules, and to avoid CT of the abdomen and pelvis in young patients in the ED with known kidney stones and symptoms of renal colic. The College recommends avoidance of lumbar spine imaging in the ED for adults with non-traumatic back pain and no red-flag symptoms, avoidance of CT pulmonary angiography in patients with a low likelihood of pulmonary embolism, and avoidance of CT of the head in asymptomatic adult patients with syncope or minor trauma and a normal neurological evaluation.
Conclusion
Overuse of ED imaging is common yet there is little consistency in the determinants described across studies of this topic. The wide range of determinants identified in these studies represent avenues for future research and then intervention. This review highlights the need for more precise definitions of overuse of imaging tests in the ED, and more thorough investigation of factors driving overuse in this setting.
